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PREFACE 


Tht*  model  investigation  reported  herein  was  authorized  by  the  Of¬ 
fice,  Chief  of  Engineers,  U.  S.  Army,  on  28  May  1974,  at  tlie  request  of 
the  U.  S.  Army  Engineer  District,  Fort  Worth. 

The  study  was  conducted  during  tiie  period  May  1974  to  May  1975  in 
the  Hydraulics  Laboratory  of  the  U.  S.  Army  Engineer  Waterways  Experi¬ 
ment  Station  (WES)  under  the  direction  of  Mr.  H.  B.  Simmons,  Chief  of 
the  Hydraulics  Laboratory,  and  under  the  general  supervision  of 
Messrs.  .1.  L.  Grace,  Ir.,  Chief  of  the  Structures  Division,  and  J.  P. 
Bohan,  Chief  of  the  Spillways  and  Channels  Brandi.  The  project  engineer 
for  the  model  study  was  Mr.  E.  D.  Rothwell,  assisted  by  Mr.  B.  Perkins. 
This  report  was  prepared  by  Mr.  Rothwell. 

During  the  course  of  the  investigation,  Messrs.  W.  P.  Johnson,  Jr., 

T.  Schmidgall,  C.  F.  Berryhill,  C.  H.  Sullivan,  and  R.  L.  James  of  the 

U.  S.  Army  Engineer  Division,  Southwestern;  Messrs.  G.  W.  Demeritt, 

R.  A.  Wurbs,  S.  T.  Maynord,  R.  Turner,  G.  Carefoot,  H.  Karbs,  W.  Shaver, 
and  L.  Wong  of  the  Fort  Worth  District;  and  Messrs.  K.  Zahm  and  E.  M. 
Quintana  of  the  Albuquerque  District  visited  WES  to  discuss  the  program 
and  results  of  model  tests,  observe  the  model  ii;  aeration,  and  cor¬ 
relate  these  results  with  design  studies. 

Directors  of  WES  during  the  conduct  of  the  study  and  the  prepara¬ 
tion  and  publication  of  this  report  were  COL  G.  H.  Hilt,  CE,  and 
COL  J.  L.  Cannon,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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NOKllI  KilRK  l.AKK  SI’II.I.WAY 


S.VN  UAHKIKI.  KIVKK,  TKXAS 


Hvilr.uilii-  Minii' 1  1  iivi'st  i  ^.it  ion 


I’ARr  1:  INTKODl'CTIDN 


riio  t’ rot  ot  ypo 

I.  riu-  Nortli  Fork  l.aki'  Ikini  will  !)«■  located  at  rivor  mile  4.3  oti 
tile  north  fork  ot  the  San  tlahrlel  River,  iexas.  i'he  site  for  the  dam  is 
about  '.a  miK‘s*  west  ot  th-i'rfte  t  own ,  iex.is.  The  reservi'ir  will  be 
U'e.ited  entirelv  within  Williamson  laniiUv,  Texas  (,KiT,nri“  1).  The  dam 
will  be  a  roek  and  earth!  ill  .•out-d  emb.inkment  having;  a  m.ixinmm  heiytht  of 
Ibl  tt  tel  Snl.t)**!  above  tlu'  riverbed,  an  ovi-rall  len^tth  of  b.haO  ft, 
and  a  eri'wn  width  ot  U)  tt.  The  reservoir  will  have  a  24b-sqnare-mi  le 
dr.iin.ikte  .ire.i  .ind  will  provide  .1  >;ross  stor.i>;«’  e.ip.ie  i  t  v  of  13(1.800 
.lefi'-tt  .It  the  top  of  the  tliuvl  eontrol  pool,  el  81.i.tl. 

J.  The  spillw.iv  will  eonsist  of  a  I  ,0(10- f  t -w  ide  nneont  rol  led 
b  ro.ul-e  rest  ed  weir  exe.iv.ited  in  limestom*  with  crest  eli-vation  8  14.0 
Ku-.ited  in  the  right  alnitment  ot  the  d.im.  The  spillw.iv  will  be  designed 
to  disch.irge  d84,(10tl  cts  .it  rt'servoir  el  81(1. J. 

1.  The  flow  .irea  of  the  spillw.iv  will  Ih>  tr.ipezoidal  in  sh.ipe 
with  .1  lOtHl-tt  botti'iii  wiilth,  4V  on  111  .siile  .slopes  in  rock  cut,  and  IV  on 
JM  side  slopes  in  the  overburden.  The  ch.inne 1  will  be  horizontal  for  a 
dist.ince  of  100  ft  upstre.im  from  the  control  section  and  then  slope 
downw.ird  .u  .1  I  percent  gr.ide  tor  .i  distance  of  100(1  ft  to  el  824.0. 

The  rem.iinder  of  the  spillw.iv  .ipproach  ch.innel  will  be  cut  horizontal  .it 
el  824.0.  The  spillw.iv  disch.irge  ch.innel,  downstre.im  from  the  control 
section,  will  slope  downw.ird  on  .i  gr.ide  of  1.1  percent  to  natural 

*  .A  t.ible  of  f.ictors  for  converting  0.  S.  custom.iry  units  of  measure¬ 
ment  to  metric  (SI)  units  is  presented  on  page  3. 

**  .Ml  elevations  (el)  cited  herein  .ire  in  feet  referred  to  mean  sea 
I eve  I . 


•.r.miut.  A  n.iliir.il  r.iviiii-  I'xti-iuis  lor  approximately  160(1  It  I  rom  tiu- 
•>pillwiv  di■..har^;l•  t.liaimi-1  JowiiNtreani  to  the  Sail  OalirU-l  kiver.  The 
■<pillwav  ai'pfaili  ilianiiil  will  tiavi'  a  ‘1 'jO- 1  i  -  j  aJ  eurvi-  and  t  lu-  dis- 
.liirw’,.'  ilianiiil  a  6i)i  I- 1 1  -  rad  i  u-,  i  urvi’  (liK'H'e  2). 

..  Hu-  outlet  works  will  iiulude  two  1 1 ood-con t ro 1  and  tour  low- 
•1  w  uil<t  wliieli  will  diseliarp.e  into  an  ll-it-diani  tunnel  having;  an 
'Vetall  letu'lli  *  l.’H#'  It,  Till*  I  1  oiul-eon  t  ro  1  ^ate’i,  with  inverts  at 

el  ’.’".'I,  will  lie  It  wide  hy  11.0  it  h  i  .  The  low-llow  y.ated  in¬ 
take*.  will  he  i.O  It  wide  hv  •'..()  It  tliull  with  inverts  .it  el  7)8.'), 

7‘)l.i),  7hd.l7,  ,ind  777.0.  The  outlet  works  is  desi>>ni'd  to  ji.iss  .in  oul- 
tliiw  I'l  -i^OO  ofs  at  reservoir  i*  1  856.0. 

Purpose  ot  Model  Study 

5.  The  model  tests  were  condiieted  to  develop  a  desi^tn  which  would 

eliminate  the  destruitive  currents  .ilonf;  the  toe  of  the  dam  embankment 

and  in  the  vicinity  of  the  outlet  works  stillin)>  basin  ;ind  spillway  dis- 
eh.irm'  ch.innel.  The  model  was  also  utilized  to  measure  velocities, 
suritinit,  .ind  flow  patterns  for  several  discharges  in  the  approach  and 
discharge  channels  .ind  to  determine  the  ade<iuacy  of  constructing  a  rock- 
fill  dike  at  the  upstream  left  abutment  of  the  spillway. 


LookiriK  upstream,  upstream  approach  channel  and  intake  structure 


FLOtv. 


b.  Approach  channel,  upstream  left  abutment 


Figure  2.  Tiie  1: 80-scale  comprehensive  model  (sheet  1  of  3) 


PART  II:  THK  MODEL 


Desc rj^ t  ion 

6.  A  1:80-Hcale  model  was  constructed  to  reproduce  all  topography 
and  structures  in  an  area  extending  2350  ft  upstream  and  3000  ft  down¬ 
stream  from  the  centerline  of  the  dam  embankment  and  500  ft  to  tiie  right 
and  4600  ft  to  tiie  left  of  the  centerline  of  the  spillway  (Figure  2  and 
Plate  1).  Tlie  portions  of  the  model  representing  the  approach,  exit, 
and  overbank  areas  were  molded  of  cement  mortar  to  sheet  metal  templates 
and  were  given  a  brushed  finish.  The  uncontrolled  broad-crested  weir 
was  fabricated  of  sheet  metal  (Plate  2) .  The  outlet  works  and  stilling 
basin  were  constructed  of  plastic-coated  plywood. 

7.  Water  used  in  the  operation  of  the  model  was  supplied  by 
pumps,  and  discharges  were  measured  with  venturi  meters.  Steel  rails 
set  to  grade  provided  reference  planes  for  measuring  devices.  Water 
surface  elevations  were  obtained  with  point  gages.  Velocities  were 
measured  with  a  pitot  tube  and  by  timing  the  movement  of  flotage  and  dye 
over  measured  distances.  Current  patterns  were  determined  by  observing 
the  movement  of  dye  Injected  into  tlie  water  and  confetti  sprinkled  on 
the  water  surface. 


Scale  Relations 


8.  The  accepted  equations  of  hydraulic  similitude,  based  upon 
Froudian  criteria,  were  used  to  express  the  matliematlcal  relations  be¬ 
tween  the  dimensions  and  hydraulic  quantities  of  the  model  and  proto¬ 
type.  The  general  relations  expressed  in  terms  of  the  model  scale  or 
length  ratio,  L^,  are  presented  in  the  following  tabulation: 


Dlmen slons 
Length 

Area 


Ratio 


A  =  L 
r  r 


Scale  Re latlon 
1:80 

1:6,400 
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PART  111:  TKSTS  AND  RKSULTS 


Approach  (;hannel  Area 

10.  The  approacli  area  reproduced  in  ttie  model  extended  2,350  ft 
upstream  from  the  centerline  of  the  dam  embaiikment  (Figure  2  and 
Plate  1).  Velocities  and  flow  patterns  in  the  approacli  channel  were 
measured  at  100-ft  intervals  to  the  right  and  left  of  the  centerline 

of  the  channel  and  for  a  distance  of  1,450  ft  upstream  from  the  center- 
line  of  the  spillway  (Plate  3  and  Photo  1).  These  velocities  were  taken 
at  0.6  depth  below  tlie  water  surface  for  discharges  of  88,000  and 
284,000  cfs  and  pool  el  of  845,0  and  856.6,  respectively,  as  shown  in 
Plate  3. 

Discdiarpp^  Channe  1  Area 

11.  The  entire  spillway  discharge  and  exit  channel  area  from  tlie 
centerline  of  the  spillway  downstream  for  4,450  ft  (Figure  2  and 

Plate  1)  was  reproduced  in  the  model.  Flow  conditions  were  investigated 
for  a  range  of  uncontrolled  discharges  Including  78,000  cfs  (standard 
project  flood)  and  284,000  cfs  (spillway  design  flood).  These  flows 
were  concentrated  along  the  right  side  of  the  spillway  channel  down¬ 
stream  from  the  control  weir.  This  situation  caused  flooding  in  the 
ravine,  located  to  the  right  of  the  spillway  channel,  and  produced 
Irregular  flow  patterns  in  the  exit  channel  below  the  spillway 
(Photo  2).  Velocities  and  flow  patterns  in  the  spillway,  downstream 
of  the  control  weir,  and  in  the  exit  channel  were  measi.ired  at  150-ft 
intervals  in  the  spillway  and  5()-ft  intervals  in  the  exit  channel  to 
the  right  and  left  of  the  respective  centerlines  (Plate  4  and  Photo  3). 
These  velocities  were  taken  at  0.6  depth  below  the  water  surface  for 
discharges  of  88,000  and  284,000  cfs  and  pool  el  of  845.0  and  856.6, 
respectively,  as  shown  in  Plate  4.  Wave  heights  resulting  from  surging 
along  the  left  bank  of  the  San  Gabriel  River  and  along  the  toe  of  the 
dam  embankment  are  also  shown  in  Plate  4. 
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[M  I'si'iit  I'll  ill  ri.itf  2  .Hill  I’luUi)  4.  liiiti.il  ti'sts  wi'ii'  I'l'iiilui' t  I'll  ( i' 
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ti'iil'.  .iiii'ss  till'  spillw.iv  I'li'st  loi  .1  I  .Hipi'  o!  il  1  Si'll. n  p.i's  .  Vr  1  or  1  I  1  rs 
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toi  .1  I  .Hiy;i'  ol  il  1  Si'll. n>trs  .iiul  pool  rlrv.it  Ions  .iir  pirsriitril  in 
r.il'lrs  1-1.  Vr  1  or  i  t  1  rs  wrir  .ilso  mr.iSHiril  .it  t  lir  rrntrillnr  ot  t  lir 
spillw.iv  nrst  (st.i  .’DiSil)  loi  il  i  srli.i  i  w'.r  s  ot  IDtl.iUlt),  l'>t),tnu),  .iml 
I'lii.tltlO  i' I  s  .Hill  poi' 1  I'l  I't  S-iti.t!,  .4.'*') .  J  ,  .Hill  841, f',  fi'spi'i't  ivi'lv 
tl'.il'lr  4).  W.itri  snrl.irr  rlrv.it  ions  .inoss  t  lir  rrntrillnr  ol  t  hr  nrst 
iiir.isnti'il  lot  .1  I'.ni^r  ol  il  1  srli.i  rp.rs  .iir  prrsrnt  nl  In  r.ihlr  4.  fhr  iiioilr  1 
trsts  1  111!  1  r. It  I'll  s.it  i  s  t  .ir  t  o  i  v  pri  I  onii.iiirr  ol  I  hr  writ  lot  t  hr  rxprrtril 
i.ni^r  ot  il  isi'h.ii  r.rs  ;  Ihrrrioir,  no  .i  1 1  r  I'.i  t  1  ons  wrrr  iii.iilr  in  t  hr  ilrslp.n 
lint  inn  f  .slHilv. 

Ihu'otil  t  o  1  1  I'll  I  1  ow 

1  1.  An  Hiiront  I  o  1  1  I'll- 1  1  ow  i.itlnp,  riiivr  is  inrliiilril  in  IM.itr  4. 
riir  hr. Ill  to  ilisrh.itno  t  r  1  .i  t  1  onsh  1  p  lot'  iinront  ro  1  1  nl  I  low  w.is  ilr  t  r  i  in  1  tiril 
t  roni  h.isir  il.it.i  oht.iinril  in  I  hr  iiioilr  1  i  I'.th  1  r  t'1.  I'lir  lollowlnn  riputtion 
•i.i  t  i  s  I  i  r.'i  this  I'.i  1  1  h  f.i  t  i  on  il.tt.i: 


who  I  r 

tj  tot.ll  ilisi'li.it'nr ,  rts 

1.  ■  not  Irnnth  ot  s|>illw.tv.  It 

11  “  tot.ll  hr. Ill  on  nrst  i  i  nr  1  ml  1  ni;  .ippro.irh  vrlorlty  hr.'iil)  ,  It 
A  I'oiiip.if  1  son  ol  till'  .ii'tn.il  tiioili' 1  ami  roiiipiit  nl  nnront  to  I  1  ril  t. it  Inn  onivrs 
is  pti'srntril  in  I’l.itr  h.  Thr  il  i  so  rrpanry  botworn  the  rnivi'S  is  .ittri- 
bnti'il  to  thr  I  low  rout  f.ir t  1  on  wltiili  rxlsts  .it  thr  Irtt  .ihiitiiirnt 
(riioto  4K 


Abutment  Rockfill  Diko 


14.  Tests  wore  coiiciiuleii  in  the  vieinitv  of  the  upstream  left 
abutment  to  determine  the  flow  conditions  associated  with  various  dis- 
charj^es.  Tlte  magnitude  and  direction  of  average  velocities  (measured  at 
(l.b  deptli  of  flow)  at  tlie  original  left  abutment  are  sliown  in  Plate  7 
and  Plioto  4.  These  tests  indicated  that  a  reduction  in  the  magnitude 
and  direition  of  average  velocities  along  the  upstream  dam  embankment 
and  around  the  retaining  wall  would  l)e  required  to  ensure  stability  of 
the  left  abutment.  The  Fort  Worth  District  (SWF)  furnished  details  of 
the  proposed  rockfill  dike  to  be  located  in  the  vicinity  of  the  upstream 
left  abutment  (Plate  8  and  Photo  5).  Test  results  with  the  proposed 
design  indicated  that  the  magnitude  and  direction  of  average  velocities 
were  sufficiently  reduced  in  the  vieinitv  of  the  spillway  left  abutment 
to  provitle  adequate  protection  of  the  dam  embankment  and  retaining  wall 
(Plate  7).  However,  increased  velocities  were  observed  in  the  vicinity 
of  the  south  access  road  approach  to  the  spillway  (sta  12+00  and  14+00) 
as  compared  to  those  observed  with  the  original  left  abutment  (Plate  7). 

15.  Several  alternative  designs  were  studied  with  the  conclusion 
that  a  smaller  rockfill  dike  would  decrease  the  magnitude  of  the  average 
velocities  in  the  vicinity  of  the  south  access  road  approach  to  the 
spillway,  while  adequately  protecting  tlie  dam  embankment  and  retaining 
wall.  SWF  furnished  details  of  three  alternative  rockfill  dikes.  With 
each  dike  design,  tlie  magnitudes  of  the  average  velocities  in  the 
vicinity  of  the  spillway  left  abutment  were  sufficiently  reduced  to  pro¬ 
vide  adequate  protection  of  the  dam  embankment  and  retaining  wall  while 
at  the  same  time  reducing  the  severe  flow  conditions  produced  at  the 
south  access  road  approach  to  tlie  spillway.  However,  the  100-ft-long 
elliptical  shaped  dike  (Figure  3  and  Plate  9)  provided  a  more  uniform 
flow  distribution  along  the  left  side  of  the  spillway  approach  channel. 
Velocities  associated  with  the  proposed  and  alternate  rockfill  dikes  are 
shown  in  Table  7. 
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lt>.  rill'  I'xit  v.'h.miu'l  I'Xti'iuhi  t  t  om  st.i  i/+()0  llow^l^;  t  ri'.im  ti>  tin* 

S.ii\  i;.ihrii'l  Kivor  hasiu  I'li.mm'l,  .ipprox  iiii.it  i' I  v  2.S()()  tt.  I'low  iimuI  i  t  i  inis 
in  till'  oxit  I'ti.imu’l  wiTi‘  oli.si'ivi'ii  .iiul  iiiiMsnr»Hi  lor  Mi'vor.il  il  i  svh.i  t  r.i-s 
wltti  tlu‘  ori>;in.il  t  v'|H>m'.i|iliv  s  iiiui  l.it  oil  in  tho  oh.innol  ti’hoio  tii.  A 
il  1  soli.ir^to  ot  .SH.lHlO  o  t  s  pri'ilnooit  .ivoiMp.i.'  vi'looitios  of  loss  tli.in  (>  t  ps 
(prototvpof  .lionet  tin-  lii'wns t  ro.im  too  o)  I  1k’  J.iiii  omb.inkiiiont  il’lu'ti'  1  .nui 
I’l.ito  4).  .Xvor.im'  v»‘looltios  in  oxot'ss  of  JS  fps  (prot  ot  vju')  woio 
>;onor.Uoii  .»lon^  tho  lott  b.ink  ot  tho  S.in  tkibriol  Kivor  .iml  tho  too  ot 
tho  d.im  omb.inkmont  fi'r  .i  ilisi  h.irno  of  2.S4,t)t10  ots  (.I’hoto  1  ,nul  I’l.ito  . 

It  w.is  .ipp.iront  tli.it  moil  I  f  io.it  ii'ns  to  tho  oxit  oh.innol  woiiUl  lu'  fisiuiroil 

to  ol  lmln.it o  tho  sovoro  il.im.int"  o.uisoil  .it  tho  too  of  t  lu-  il.iiii  omb.inkmont 
from  tho  hi>;hlv  oonoont  r.it  oil  volooitios  proihu'oil  iliirinp,  tho  spillw.iv 
ilosl>>n  flood  iJS4,l)l)t>  ofsi. 

17.  Mod  i  f  lo;it  ions  woro  mado  to  simul.ito  tho  orodiblo  ovorbiirdon 
mat  or  i. 1 1  in  tho  spillw.iv  oxit  oh.iniu'l  .iiui  tho  S.in  tkibriol  Kivor  b.isin 
as  shown  in  Kiypiro  4  Tosts  woro  ooiuluo  t  I'd  with  tho  origin. il  di'sign 

s  imii  Lit  in>;  tho  12l)-hr  oiitilow  hvdro>;r.iph  (I'.iblo  81  ol  tho  spillw.iv  do- 
sinn  flood  (284,000  ofsi  for  .i  duration  of  8  hr  in  tho  modo  1  (I’hoto  TI. 
Volooitios,  nonoral  flow  p.ittorns,  .iiul  siirgo  hi-i>;hts  obsorvod  .iiul 

mo.isurod  diiriii);  tho  poak  disoh.irgo  of  tho  hydrojtr.iph  (284,00ll  otsi  .in- 

shown  in  I’latos  4  and  10.  Oonsi  dorab  lo  movomont  of  tho  ripr.ip  ooonrrod 
alon^  tho  too  of  tho  dam  omb.inkmont  and  .i  Lir^i-  .imount  ot  this  ripr.ip, 
as  woll  .is  tho  orodiblo  matori.il,  w.is  dopositod  in  tlu-  vioinitv  ot  tho 
outlot  works  oxit  oh.innol  (Photo  8).  It  w.is  oonoludod  th.it  modifio.i- 
t  ions  to  tho  oxit  oh.innol  dr.iw  would  bo  roi|nirod  to  olimin.ito  or  rodiu  o 
tho  hinh  volooity  .ind  oironlation  pattorn  whioh  orodod  tho  ripr.ip  .it 
tho  too  of  tho  d.im  omb.inkmont  and  dopositod  it  in  tho  out  lot  works 
oxit  oh.innol. 

Mod (float  Ion  to 
tho  oxit  ohannol 

18.  Sovoral  sohomos  of  oxo.ivat  Ions  .ilonn  tho  downstro.im  ripht 
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4.  Exit  rht.nr.f.1  gn'l  San  Gabrlfc]  Elver  basin  sand  r.odel 
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o\it  I'h.innol  la-diu-od  t  lu'  m.ipnitiuio  >>1  t  ho  voK'oit  ii’s  .it  t  lu'  too  >>t 
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>l.im  t-iiil'.niknuMit  w>nild  ho  ioi;niri'>l  t  >>  onsnrt-  .uioiiu.iti'  piotootii'ii  >’l  tho 
vl.im  (.•mh.inkmont  . 
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hlntt  I't  tho  spillw.iv  I'xit  I’h.nnu’l,  is  slu'wii  in  riu't>'  .  I'ho  impi.'vo.l 
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ot  v«- li'i’ ;  t  ios  .nul  .iltofiul  tho  iliroitii'ii  I't  t  U'w  .ilonp  tho  t  .'i'  >>1  tho  il.im 
oiTih.iiikmont  snttioiontlv  t  >>  provi'iit  i-xoi'ssivo  soonr  tl’l.ito  IJI.  Uowovor, 
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Figure  2.  The  1: 80-scale  comprehensive  mooer  v,». 


A  1 1  iTii.it  1  VO  rock  till  dikes 

20.  The  Type  2  rockfill  dike  design  is  slu'wn  in  Figure  7.  Veloc- 
itii'S  .ind  gener.il  flow  patterns  observed  in  the  spillway  e.xit  channel 
.ind  tile  San  thibriel  River  basin  (I’l.ite  12)  during  tlie  peak  discliarge  of 
ctie  livdrogr.iph  (28-i,0()0  cfs)  indtc.ued  lliat  this  design  would  provide 
.ideciuate  protect  ii'ii  along  the  dam  emliankment  (I’lioto  10a).  Tlie  Type  3 
design  of  rockfill  dike  No.  1,  wliich  consisted  of  a  dike  lengtli  of 

150  tt,  w.is  i  nsiit  1  ic  ient  to  prevent  scour  along  the  toe  of  the  dam  em¬ 
bankment  (I’lioto  10b).  Results  with  the  Type  A  design  (Figures  8  and 
9)  indicated  that  this  design  would  provide  adequate  protection  along 
tile  dam  emb.inkment  (Photo  ll).  Velocities  and  general  flow  patterns 
observed  in  tlie  spillway  exit  ihannel  and  the  San  Oabriol  River  basin 
during  the  peak  discharge  of  the  hydrograph  (284,000  cfs)  are  shown  in 
Plate  13.  Oiese  studies  indicate  that  either  the  Type  2  or  Tvpe  4 
design  dikes  consisting  of  an  average  stone  size  uf  25  in.  would 

be  sufficient  to  ensure  the  stability  of  the  dam  embankment. 

Rockfill  Dike  Gradation 

lipstjeam  left  abutment  dike 

21.  Stone  protection  simulating  a  d^^  stone  of  lb  in.  was  used 
to  construct  the  rockfill  dike  located  at  the  upstream  left  abutment  of 
the  spillway.  Subsequent  tests  with  various  rockfill  dike  designs  in¬ 
dicated  that  stone  with  an  average  diameter  (d,.^)  of  lb  in.  would  remain 
stable  under  all  anticipated  discl\arges. 

22.  Based  on  a  d^^  of  lb  in.,  the  following  gradation  is  con¬ 
sidered  adequate  for  stability  of  the  upstream  rockfill  dike: 

Percent  Finer 


Stone  Diameter,  Jn.  _  height 

)0  85-100 

25  50-85 

lb  15-50 

7  0-15 
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DESIGN:  CROWN  ELEVATION  755 
CROWN  WIDTH  10' 

CROWN  LENGTH  200',  100'  GROUTED 
SIDE  SLOPE  IV  ON  2H 


Figure  8.  Details  of  Type  A  (recommended)  design  rockfill  dike  //  1 
left  bank  of  San  Gabriel  River 
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Figure  9.  Type  4  T recorxnended)  design  rockfill  dikes 


Downstream  San  Gabriel 
River  dikes  _ 

23.  Model  results  indicate  that  the  downstream  San  Gabriel  River 
dikes  (Figures  7  and  8)  constructed  of  d^^  stone  of  25  in.  would  pro¬ 
vide  adequate  protection  along  the  toe  of  the  dam  embankment.  The 

following  gradation  is  recommended  based  on  a  d  of  25  in.  for  these 
dikes: 


Stone 


Diameter,  in. 

Percent  Finer 
by  Weight 

45 

85-100 

40 

50-85 

25 

15-50 

11 

0-15 

PART  IV:  DISCUSSION 


2A.  The  hydraulic  model  Investigation  of  the  North  Fork  Lake 
Spillway  revealed  the  general  adequacy  of  the  overall  design  of  the 
structure  and  discharge  channels.  Minor  modifications  were  required  in 
the  vicinity  of  tlie  upstream  left  abutment  to  improve  the  hydraulic 
performance  and  provide  protection  for  the  dam  embankment  and  retaining 
wall.  Major  modifications  were  required  in  the  exit  channel  and  along 
the  left  bank  of  the  San  Gabriel  River  to  provide  adequate  protection  of 
the  downstream  dam  embankment. 

25.  The  performance  of  the  spillway  crest  design  was  satisfac¬ 
tory,  and  no  alterations  were  made  during  the  study.  However,  the  model 
indicated  that  flow  concentrated  along  the  right  side  of  the  spillway 
channel  downstream  from  the  control  weir.  This  situation  caused  flood¬ 
ing  in  the  ravine  located  to  the  right  of  the  spillway  channel  and 
irregular  flow  patterns  in  the  exit  channel  below  the  spillway.  This 
condition  was  expected  and  would  be  permissible  in  the  prototype  and 
therefore  no  alterations  were  considered  in  tlie  model. 

26.  Although  the  original  proposed  rockfill  dike  located  at  the 
upstream  left  abutment  of  the  spillway  performed  satisfactorily  to  pro¬ 
vide  adequate  protection  of  the  dam  embankment  and  retaining  wall,  it 
was  found  that  better  economics  and  flow  conditions  in  the  vicinity  of 
the  south  access  road  approach  to  tlie  spillway  could  be  effected  by  re¬ 
ducing  the  overall  dimensions  of  the  rockfill  dike  structure.  Several 
dike  designs  were  studied  which  sufficiently  reduced  the  magnitude  of 
the  average  velocities  in  the  vicinity  of  the  spillway  left  abutment 
while  providing  adequate  protection  of  the  dam  embankment  and  retaining 
wall.  The  100-ft-long  elliptical  shaped  dike  design  (Plate  9)  provided 
a  more  uniform  flow  distribution  along  the  left  side  of  the  spillway  ap¬ 
proach  channel  and,  therefore,  is  the  recommended  design. 

27.  The  model  study  also  indicated  that  additional  protection 
would  be  required  in  the  exit  channel  and  the  San  Gabriel  River  basin 

to  ensure  the  stability  of  the  dam  embankment  against  scour.  Excavation 
along  the  downstream  right  bluff  of  the  spillway  exit  channel  and  two 


26 


rockfill  dikes  located  along  the  left  bank  of  the  San  (Jabriel  River 
(No.  1  dike)  and  the  dam  embankment  (No.  2  dike)  will  provide  adequate 
protection  of  the  dam  embankment.  These  studies  indicated  that  either 
the  Type  2  or  Type  4  design  dikes  constructed  of  riprap  with  an  average 
diameter  of  25  in.  would  be  sufficient  to  ensure  the  stability  of  the 
dam  embankment.  It  is  the  opinion  of  WRS  hydraulic  engineers  that  the 
Type  4  design  will  provide  additional  protection  due  to  the  grouting  of 
the  lOO-ft  length  of  dike  No.  1  adjacent  to  the  left  riverbank  and, 
therefore,  it  is  the  recommended  design.  In  addition,  modifications 
were  made  to  the  original  plans  and  specifications  for  the  dam  embank¬ 
ment  construction  to  include  the  excavation  of  the  overburden  material 
and  placement  of  additional  stone  protection  at  the  toe  of  tb.e  dam 
embankment  to  existing  rock. 
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Discharge:  78,000  cfs  -  Design:  Original  -  Pool  El:  844.2  -  Tallwater  El:  728.0 


perpendicul 


Velocity  and  Klow  Observations  at  the  Spillw 


Note:  Velocity  directions  were  measured  frc«n  a  line  perpendicular  to  the  crest  axi.' 


Mote;  Velocity  iire'^tions  were  neasurei  from  a  line  perpen-iicnilar  to  the 
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Table  6 

Basic  Uncontrolled  Sjjillwa^  Ratinjj 

Data  Obtained  from  Model 

Discliarge 

Pool  Elevation 

Head  on  C 

cfs 

f  t  above  ms  1 

ft 

8 , 500 

837.2 

3.20 

15,250 

838.0 

4.00 

20,000 

838.6 

4.48 

24,000 

838.9 

4.96 

29,000 

839.6 

5.60 

46,500 

841.2 

7.20 

80,600 

844.0 

10.00 

105,000 

845.7 

11.68 

125,000 

847.4 

13.40 

150,000 

849.0 

15.00 
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16.90 

230,000 

853.7 

19.68 
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855.9 
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Photo  6.  Flow  conditions  in  the  exit  channel  and  San  Gabriel  River  basin 
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Photo  8.  San  Gabriel  River  basin  scour  resulting 
120-hour  hydrograph;  peak  discharge  of  284,000  cfs 
(8-hr  model  test  duration) 
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